Corn (Zea mays L.) is planted in two seasons per year in northern Iran (mid-April as a main crop and mid-June as a second crop). The main objective of this study was to determine whether corn yield response would differ between these two seasons and different plant populations. 
Introduction
Golestan Province is located in northern Iran near the Caspian Sea. It has a Mediterranean climate: cool in spring and warm in the summer. The average daily mean temperatures in spring and summer are 20.8 and 27.88C, respectively. During the last decade, August has experienced the highest daily mean maximum temperature (T max ) (34.68C), the highest daily mean evaporation (7.1 mm) and the least precipitation (13.14 mm). Corn (Zea mays L.) is usually planted in two seasons per year: mid-April as a main crop and mid-June as a second crop after the wheat harvest. According to previous studies, maximum grain yields (9-11 t ha 71 ) were obtained at densities between 5.5 and 6.5 plants m 72 in the first and second seasons (Chogan 1993; Mokhtarpour 1997) . But during the last decade, the weather has become warmer in the summer and the yield has reduced for the second planting date, so that in 1999 and 2000 the grain yield was reduced to 4.7 t ha 71 (Mokhtarpour and Mosavat 2001) . A preliminary evaluation showed that the percentage of barren stalks inside the canopy increased dramatically for summer planting dates, but ears were observed in most plants in border lines (unpublished data of corresponding author). Based on this observation and the results of other studies (Norwood and Currie 1996; Larson and Clegg 1999) , it seems that planting density should be decreased under stress conditions. Crowding stress or planting density is a major factor in determining the degree of competition between plants. Yield per plant decreases as crowding stress increases. Yield reduction is mostly due to lower ear numbers (barrenness) (Hashemi et al. 2005) , fewer kernels per ear (Capristo et al. 2007) , lower kernel weight (Monneveux et al. 2005) or a combination of these components. Grain yield per unit area is the product of grain yield per plant and planting density. The optimum plant population is influenced by planting date (Norwood 2001) , hybrid/variety (Edwards et al. 2005; Sarlangue et al. 2007 ), soil fertility (Polito 1987) and water limitation (Norwood and Currie 1996; Nielsen et al 2002) . Sarlangue et al. (2007) showed that increases in grain yield at higher plant densities were associated with increases in biomass production, and a greater harvest index (HI) with increasing planting density was observed only in the hybrids with the least plasticity. Polito (1987) reported that high planting density did not increase grain yield but did increase the percentage of barren stalks. Tollenaar (1989) found that increasing the planting density increased total dry matter production and decreased HI. Tollenaar et al. (2006) reported that crowding stress affected dry matter accumulation but did not affect HI. Norwood and Currie (1996) and Larson and Clegg (1999) found that under stress conditions, plant populations should be reduced.
Many researchers have reported the effect of high temperature on the growth and yield of corn. Using long-term weather data, Thompson (1986) concluded that higher mean seasonal temperature was correlated with lower grain yield. Lorgeou (1990) , cited by Khabba et al. (2001) , reported that daily growth rate per kernel correlated with mean daily temperature, the optimum growth rate being observed at a mean temperature of 218C. CA Jones and Kiniry (1986) reported that temperatures 4348C damage photosynthesis apparatus and reduce dry matter accumulation. In the CERES-Maize model component in the Decision Support System for Agrotechnology Transfer (DSSAT ver. (4.5)), grain growth rate is related to temperature via a quadratic function of mean daily temperature and the potential growth rate related to 258C. Frey (1981) reported that stress before silking may cause ears to fail to develop, whereas stress after pollination results in reduced kernel numbers or kernel abortion. Several studies have showed that kernel number is most susceptible to stress during the period between two weeks before and two to three weeks after silking (Tollenaar and Daynard 1978; Kiniry and Ritchie 1985; Fischer and Palmer 1984; Cirilo and Andrade 1994) . Inhibition of photosynthesis has been observed after short exposure (15-60 min) to moderately high temperature (35-408C) in maize (Crafts-Brandner and Salvucci 2002) . In a growth chamber study, Badu-Apraku et al. (1983) observed a 42% loss in grain weight per plant when the day/night temperature from 18 days post-silking to maturity was increased from 25/15 to 35/158C. For maize grown at 20 and 308C in a controlled environment, Hunter et al. (1977) observed a higher grain yield at lower temperatures because of an increase in the length of the grain-filling period.
Contrary to other reports for maize grown in controlled environments, Muchow (1990) showed under field conditions that grain yield was unaffected by temperature, when temperature ranged from 25.4 to 31.68C during the period from pollination to 80% maximum grain size.
Therefore, the main objectives of this study were to determine whether corn growth and yield would differ between the two seasons (in particular, because the temperature between the two seasons would be different), as well as different planting densities. 72 ) was to obtain the potential growth and yield of maize without competition by other maize plants. To reach this planting density, eight plants were planted next to the main experiment at a distance of 2.5 m from each other in a quadrate shape at both planting dates in both years. Four of eight plants were cut at the tasseling stage to calculate the leaf area and the rest were harvested at physiological maturity to calculate yield and yield components.
Materials and methods
In the main experiments, each plot contained four rows, each 7 m in length. The distance between rows was 75 cm and the planting densities were changed with changing distance between plants per row. Plants row 71 distances were 53.5, 30, 20, 15.7, 12.7 and 10.7 cm for planting densities 2.5, 4.5, 6.5, 8.5, 10.5 and 12.5 plants ha 71 , respectively. Four more planting densities were added in the second year to justify the following two possible assumptions that may be stated by readers based on the first year's experimental results. In 2007, a plant population of 6.5 plants m 72 produced the maximum grain yield in the first season and in the second season planting densities of 4.5 and 6.5 plants m 72 produced the same grain yield.
(1) Yield may increase in the first season if we included planting densities 46.5 plants m 72 . (2) Because planting densities of 4.5 and 6.5 plants m 72 showed the same grain yield in the second season, lower planting densities may still produce the same yield.
The seed bed was prepared a few days before sowing. The experiments were planted manually. Three seeds were planted in each hole and then thinned to one plant per hole at the two-leaf stage, so that the surviving plants met the intended planting densities. All experiments were conducted without any limitations in water or nutrients. Soil water was kept at 4 50% field capacity during the growing season by furrow irrigation. Soil samples were used to determine water content by a standard gravimetric method (Cuenca 1989) . Two soil samples were taken from blocks one and three at 0-15, 15-30 and 30-45 cm soil depth profile in every three days. Irrigation water was applied by considering the water available in the root zone.
Fertilizers were applied based on soil test results. Soil properties were determined prior to planting (Table 1) . A broadcast application of 60-45-100 kg ha 71 (N-P-K) was incorporated into the seed bed. The sources of N, P and K were urea, triple super phosphate with 46% P 2 O 5 , and potassium sulfate with 50% K 2 O, respectively. An additional 100 kg N ha 71 was applied as a side dressing at the five-and nine-leaf stages (50 kg ha 71 in each stage). Weeds and insects were adequately controlled during the growing seasons. To control weeds, a mixture of two herbicides, Atrazine [2-chloro-4-(ethylamine) -6-(isopropylamine)-s-triazine] and Lasso [2-chloro-2 0 -6 0 -diethyl-N-methoxymethyl)-acetanilide], was used immediately after planting at rates of 1 kg ha 71 and 3.5 l ha 71 , respectively. Weed control was also carried out manually when necessary.
In the first season, insects did not cause serious damage in the fields so no insecticide was used for this season in either year. In the second season, to prevent damage by the European corn borer (Ostrinia nubilalis), a mixture of two pesticides, Larvin 1 (Thiodicarb) and Nuvacron 1 (Monocrotophos), at rates of 1 kg ha 71 and 1.5 l ha 71 , respectively was used. To evaluate the effect of season or crowding stress on a specific growth stage, all phenological events including planting date, emergence date, tasseling, silking, milk stage, dough stage, physiological maturity and harvesting time were recorded during the growing season based on their appearance in 50% of the plants in each plot. From weather data, cumulative mean daily temperature, cumulative solar radiation and cumulative growth degree day (GDD) were computed to reach to different growth stages in all treatments. Growth degree day was calculated using the following formula:
where T max and T min are maximum and minimum daily air temperatures, respectively, and the base temperature at which development ceased T base was 88C. According to Tsuji et al. (1998) , when mean daily temperature (T mean ) exceeded 308C, T mean was assumed to be 308C. To measure the leaf area index (LAI), four plants were cut from the end of two central rows considering the border effect in the flowering stage. Leaf area was measured using the 'Area Measurement System' (Delta-T Devices Ltd, Cambridge, UK). To calculate plant height, stem diameter, ear length, number of rows per ear and number of seeds per row, 10 plants from each of the two central rows from each plot were randomly harvested individually at physiological maturity and the mean To evaluate the accuracy of the developed equations, data from the first-year experiments were used. Model validity was tested using two goodness-of-fit indicators, the root mean square error (RMSE) and the index of agreement (d) (Willmott et al. 1985) . Their formulae are as follows:
Where y i , yˆi are the observed and predicted y values, respectively, and y is the mean of the entire N observed y values. Low values of RMSE illustrate high accuracy whereas high d indicates high accuracy.
Results and Discussion

Effect of season
The results showed that season had a significant effect on most traits (p 0.01) in both years (Tables 2 and 3) . Values for LAI, stem diameter, ear per plant, W1000, TDM, harvest index (HI) and grain weight decreased in the second season in 2007 (Table 4) . Almost the same trend was observed in 2008 (Table 4) . Because all experiments were conducted with no water and nutrient or pest or disease stress, the only main difference between the two seasons was the temperature (Table 5) . To evaluate the effect of temperature on yield and yield components, the following four indices were computed in both seasons: length of plant growing period, mean daily temperature, GDD and days with maximum temperature (T max ) ! 348C (Table 5) .
The recorded phenological data showed that days to emergence, days to anthesis and days to maturity decreased in the second season in both years (Table 5) , therefore a shortening of the plant growing period due to higher temperature is one of the reasons for the reduced yield and yield components in the second season. Mean daily temperature (MDT), one of the main factors that influenced maize Note: ns, not significant; *, significat at a 5% probability level; **, significant at a 1% probability level. LAI, leaf area index; W1000, 1000 seed weight; TDM, total dry matter; HI, harvest index. Note: ns, not significant; *, significat at a 5% probability level; **, significant at a 1% probability level. LAI, leaf area index; W1000, 1000 seed weight; TDM, total dry matter; HI, harvest index.
growth and yield, increased in the second season (*28 vs. *248C), although MDT during the grain-filling period was almost the same in both seasons. Using long-term weather data, Thompson (1986) observed the same trend and concluded that maize grain yield decreased with increasing seasonal mean temperature.
The number of days with T max ! 348C was used as another index to explain how high temperature affected yield and yield components. In the second season, the number of days with T max ! 348C increased dramatically in both years. In 2007, in the first season, 25 days (23.14% of the total plant growing period) experienced T max ! 348C, mostly during the last days of the plant growing period. However, in the second season, 45 days experienced T max ! 348C (46.87% of the total plant growing period), spread over all stages of plant growth. The same trend was observed in 2008. In the first season, 17 days (15.88% of the total plant growing period) experienced T max ! 348C, mostly during the last days of the plant growth period, whereas in the second season 38 days (38% of the total plant growing period) experienced T max ! 348C, which occurred throughout the plant growing period (Table 5) .
High temperatures caused stalk barrenness, and the number of ears per plant decreased in the second season (Table 4) . High temperatures also reduced the number of seeds per ear in 2008 (Table 4 ). The result of this study is consistent with Frey (1981) who reported that stress before silking may increase the barrenness of stalks and stress after silking results in limited kernel numbers or kernel abortion.
HI decreased in the second season because the rate of reduction in grain yield was higher than the rate of reduction in TDM. This means that reproductive organs are more susceptible to high temperature stress than vegetative organs.
Based on the results of this study, higher mean daily temperature and more days with T max ! 348C during the plant growing period were the main reasons for the reduction in number of ears per plant, number of kernels per ear, LAI, W1000, HI, TDM and grain yield in the second season. The results of this study are in line with the reports of many other researchers who concluded that high temperature damages the yield and yield components in maize (Badu-Apraku et al. 1983; Fischer and Palmer 1984; Kiniry and Ritchie 1985; CA Jones and Kiniry 1986; Thompson 1986; Andrade 1994, 1996; Khabba et al. 2001 ). Calculation of GDD for different plant growth stages in both seasons and both years indicated that cumulative GDD (SGDD) increased in the second season (Table  5 ). This result showed that the SGDD reached for a specific stage of growth may change for a given hybrid under different conditions. The result of this study is in agreement with other researchers. Stevens et al. (1986) reported an interaction effect between genotype and planting date for GDD accumulation. The thermal interval between planting and physiological maturity of one popcorn hybrid decreased because planting was delayed, whereas that of a second hybrid remained the same and that of a third increased. In another study, Roth and Yocum (1997) reported that delayed planting increased cumulative GDD to physiological maturity for three hybrids in a drought year, but decreased SGDD to physiological maturity for the same three hybrids in the following year under less-stressful conditions. Nielsen et al. (2002) reported that SGDD decreased for a given hybrid with delay in planting date.
Planting density
Planting density affected yield and yield components in both years. Planting density had a significant effect on LAI (p 0.01) in both years (Tables 2 and 3 ). In 2007, the highest value of LAI (4.4) was obtained at a planting density of 6.5 plants m 72 (Table 6 ). In 2008, the highest value of LAI (5.47-5.75) was obtained at planting densities between 8.5 and 12.5 plants m 72 (Table 6 ). Using the second-year experimental data, two quadratic equations with high R 2 were fitted to show the relationship between planting density and LAI in both seasons (Table 7 and Figure  1) . The developed equations were tested against the first-year experimental data using two goodness-of-fit indicators, RMSE and d. The low values of RMSE and the high values of d showed that the developed equations can predict LAI with high accuracy in different planting densities (Table 7) .
Planting density had significant effect on plant height (p 0.01). The lowest plant height was observed at a low planting density (0.16 plants m 72 ) in both years (*200 cm), because there was no competition between plants in this treatment. The same plant height was observed at planting densities of 4.5 and 6.5 plants m 72 in 2007, whereas the greatest plant height (2.58-2.64 m) was obtained at planting densities of 10.5 and 12.5 plants m 72 in 2008 (Table 6 ). Planting density had significant effect on kernel weight (W1000) in the first year (p 0.01). High kernel weight had been observed in single plants and the same kernel weight was observed at planting densities of 4.5 and 6.5 plants m 72 (Tables 2  and 6 ). However, in 2008, planting density did not have a significant effect on W1000 (p 5 0.05). Because W1000 showed the same response to different planting densities, grain yield was defined using other yield components such as ears per plant and kernels per ear. The result of this study is consistent Hashemi et al. (2005) who reported that the reduction in grain yield at a high planting density was not attributed to W1000 but to a reduction in the number of kernels per row.
Because of intraspecific competition, seeds per ear, ear length and stem diameter decreased with increasing planting density in both years (Table 6 ).
Interaction effect
The interaction between planting density and season had a significant effect on grain yield, ears per plant, seeds per row and ear length (p 0.01) in 2007 (Tables 2 Table 6 Note: Means with same letter in each row are not significantly different at a 5% probability level in each year. LAI, leaf area index; W1000, 1000 seed weight; TDM, total dry matter; HI, harvest index. Table 7 . The developed equations for estimating maize grain yield, TDM, LAI and HI in the first and second seasons using second-year experimental data. Root mean square error (RMSE) and the index of agreement (d) were used to show the validity of the developed equations using the first-year experimental data. (Table 9 ). Using the second-year experimental data, the best equations were fitted to show the relationship between planting density and TDM ha 71 for the two seasons. In the first season, a quadratic trend was observed, whereas in the second season a logarithmic trend was observed (Table 7 and Figure 2) . The developed equations were tested against the first-year experimental data. The result showed that the developed equation could predict TDM with a high degree of accuracy in the first season (low value of RMSE: 2416 kg ha 71 and high value of d: 0.88). However, the developed equation for predicting TDM in the second season could not estimate TDM with a high degree of accuracy (RMSE: 3735 kg ha 71 and d: 0.76) ( Table 7) . The interaction between planting density and season had a significant effect on the number of ears per plant (p 0.01) in both years (Tables 8 and 9 ). In the season of 2007 and 2008, plants at a low planting density (0.16 plants m 72 ) produced two ears per plant (Table 8) in both years, whereas one ear per plant was produced at (Table 9 ). The same trend was not observed in the second season; plants at a low planting density (0.16 plants m 72 ) had one ear per plant, and the number of ears per plant decreased with increasing planting density (Table 9 ). Almost the same trend was observed in 2007 (Table 8) . Polito (1987) , Hashemi et al. (2005) and Sarlangue et al. (2007) found the same trend and reported that the number of barren stalks increased with increasing planting density.
Planting density and the interaction between planting density and season did not have a significant effect on the number of rows per ear in 2007 (Tables 6 and 8 (Table 8) .
Number of seeds per row was affected by an interaction effect between planting density and season in both years (Tables 2 and 3 ). In the first season of 2007, the maximum number of seeds per row (47.52) was observed at a planting density of 4.5 plants m 72 , whereas in the second season, the maximum value (53.62) was observed for single plants (0.16 plants m 72 ) (Table 8 ). In the first season of 2008, the maximum number of seeds per row (52.32) was observed at the second planting density (2.5 plants m 72 ), whereas in the second season, the maximum value (53.75) was observed for single plants (0.16 plants m 72 ). The main reason for this was that the single plants in the first season produced two ears per plant in both years, whereas in the second season they produced one ear per plant ( Table 9) .
The interaction between planting density and season did not have significant effect on HI in 2007 (p 5 0.05) ( Table 2 ) and a higher HI value was observed at lower planting densities in 2007 (0.16 and 4.5 plants m 72 ) (Tables 2 and 6 ). In 2008, the interaction between planting density and season had a significant effect on HI (p 0.01). In the first season of 2008, the maximum value of HI (55.32%) was observed at the lowest planting density (0.16 plants m 72 ) and the minimum value (40-42%) was observed at planting densities between 2.5 and 8.5 plants m -2 , whereas in the second season, HI decreased with increasing planting density (Table 9 and Figure 3 ). Other researchers have reported different results for the effect of planting density on HI. Contrary to our results, Vega et al. (2000) reported that maize showed high and constant HI values at intermediate planting densities and the value of HI decreased at high and low planting densities. Tollenaar et al. (2006) concluded that crowding stress affected dry matter accumulation but it did not affect HI.
Using the second-year experimental data, the best equations were fitted to show the relationship between planting density and HI for two seasons. In the first season, a quadratic trend was observed and in the second season there was a logarithmic trend between planting density and HI (Table 7 and Figure 3 ). The equations developed to show the relationship between planting density and HI were tested against the first-year experimental data. The result showed that the developed equations could not predict HI with a high degree of accuracy in either seasons (the high values of RMSE and the low values of d) ( Table 7) .
The interaction between planting density and season had significant effect on grain yield in both years (p ! 0.01). In the first season of 2007, the highest grain yield was obtained at a planting density of 6.5 plants m -2 , whereas in the second season, grain yield was the same at planting densities of 4.5 and 6.5 plants m 72 (Table 8) . Almost the same trend was observed in the second year. In the first season of 2008, maximum grain yield (10,930-11,010 kg ha 71 ) was observed for the middle planting densities (6.5 and 8.5 plants m 72 ), whereas in the second season, the grain yield (4780-5700 kg ha 71 ) was the same at planting densities between 2.5 and 12.5 plants m 72 (Table 9 ). The results showed that increasing planting density could not compensate for yield reduction, which was due to a reduction in the numbers of ears per plant and seeds per ear at higher planting densities. Consequently, a constant grain yield was observed at planting densities between 2.5 and 12.5 plants m 72 in the second season. Based on this result, it can be concluded that the planting density should be reduced under stress conditions (in the second season). Other researchers have reported similar results. In central and eastern Nebraska, Larson and Clegg (1999) concluded that a full-season hybrid produced a maximum yield at 8.5 plants m 72 if no stress occurred, but populations should be reduced to 4.5-6.5 plants m
72
under an unfavorable environment. Norwood and Currie (1996) ; R 2 ¼ 0.955) were the developed equations for the first and second season, respectively. Although the yield per plant in the two seasons was not the same, the equations showed that the slope of curves in both seasons followed almost the same trend (70.146 and 70.142) . This means that the rate of yield reduction with increasing planting density was similar for both seasons, but the relationship between planting density and yield per unit area followed a quadratic trend in the first season and a logarithmic trend in the second season (Table 7, Figure 4 ). The equations developed to show the relationship between planting density and grain yield were tested against the first-year experimental data. The result using the developed equation showed that the relationship between planting density and grain yield could predict grain yield with high accuracy in the first season (low value of RMSE: 406 kg ha 71 and high value of d: 0.95) ( Table 7) . But in the second season, the developed equation could not predict grain yield with a high degree of accuracy (high value of RMSE, 1315 kg ha 71 and low value of d, 0.72) ( Table 7) .
Conclusion
Although the experiments were conducted without any water and nutrient limitations in either year, heat stress during the second season caused a reduction in grain yield and yield components. This study found that corn should be planted in the first season as a main crop (mid-April) for higher corn growth and yield in Golestan, Iran with 6.5 plants m 72 . To obtain a high grain yield under heat stress conditions (in the second season), the plant population should be decreased to between 2.5 and 4.5 plants m 72 . Under heat stress conditions (in the second season), grain yield and TDM were reduced in both years, but the rate of grain yield reduction was higher than the rate of TDM reduction (Table 4 ). In accordance with the results of this study, it seems that the goal of corn production should be changed in the second season. It is recommended that corn should be planted at a high planting density (10.5 plants m 72 ) for forage production rather of grain production in the second season. The equations developed can be used to predict LAI, TDM and grain yield for the first season with a high degree of accuracy at different planting densities in this region. However, the equations developed for predicting TDM and grain yield cannot simulate their values with a high degree of accuracy in the second season.
